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[57] ABSTRACT

The present invention relates to microbiocidal composi-
tions and methods for the preparation and use of of such
compositions. Properly used in accordance with the
present invention, these microbiocidal compositions are
effective in killing or inhibiting a wide variety of harm-
ful, destructive or offensive microorganisms including
viruses, bacteria, yeasts, algae and molds. The microbio-
cidal compositions of the present invention are suitable
for use with conventional detergents to provide micro-
biocidal cleansing agents. The microbiocidal composi-
tions can also be mixed with a liquid to provide an
effective disinfectant. The microbiocidal additive can
be incorporated into plastic materials and various syn-
thetic fibers thereby imparting microbiocidal activity to
the plastic materials or fibers. In addition, the microbio-
cidal compositions of the present invention can be in-
corporated into a wide variety of permanent and non-
permanent coating materials including, but not limited
to, paints, varnishes, epoxy coatings and waxes. The
microbiocidal compositions can also be used as preser-
vative for protecting wood and wood products from
damage by microorganisms or insects. The microbio-

cidal compositions of the present invention can also be
used to kill or repel insects.

15 Claims, No Drawings



4,935,232

Page 2
U.S. PATENT DOCUMENTS 3014765 10/1981 Fed. Rep. of Germany .
3039437 5/1982 Fed. Rep. of Germany .

3,873,648 3/1975 Baltiie ST —— 260/990 3248708 12/1982 Fed. Rep. of Germany .
3,885,000 5/1975 Beriger et al. ....ccccceveeeinnne. 260/956 2157952A  7/1982 Japan .
3,888,978 6/1975 Duwel et al. ....................... 424/199 617854 6/1980 Switzerland .
3,896,101 7/1975 MclIntosh et al. ................. 260/93.7 1122664 11/1984 U.S.S.R. .
3,897,491 7/1975 Toy et al. ... 323/122 X 1036578 7/1966 United Kingdom .
3,897,521 7/1975 Beriger et al. ........cccue.n...e, 260/9438 1302894 1/1973 United Kingdom .
3,919,410 11/1975 Mclntosh et al. .......cerueunee. 424/78 2042574 9/1983 United Kingdom .
3,920,836 11/1975 Mclntosh et al. ................. 424/315 2131029 1/1986 United Kingdom .
3,925,442 1271975 SamMOUTL ..ccvvverreeerenrerneerennocenes 424/315
3,928,563 12/1975 McIntosh et al. ...cevrvevrvereenn. 424/78
3,932,612 1/1976 Burkhardt et al. ................... 424/78 OTHER PUBLICATIONS
3,933,947 1shi t tesrerenseessecsrernss
3959,556 5/1976 Mortian v 12834  Ogasawara et al, Chem. Abstracts, 81, 107078f, (1974),
3,972,243 8/1976 Driscoll et al. wovvvvvrvvnneee.. 4247200  (U.S. Pat. No. 3,799,904).
3,979,307 9/1976 Kolaian et al. ..ccoveeeerrveenneen 252/8.75 = Hall et al., Chem. Abstracts, 80, 123000, (1973), ASLE
3,&%;,5{8)‘; 11/1976 Hogberg et al. .......cccceenneennn. 514/76 Trans., 16(4), 291-296.
4,004, . esseresrsessacesnvaennns :
4,006,204 éﬁg?z; Iﬁ;fghe;isha et al, v %ﬁgg Keil et al., Chem. Abstracts, 76, 101944k, (1972), Ger.
4,024,324  5/1977 SPATKS cvvvereeerreroreererneeressseenens s26/2  Offen. 2,030,256.
4,025,583 5/1977 Mead et al. .cooceevrvecevencnnnnn, 260/925 Sudakova et al., Chem. Abstracts, 70, 56711v, (1969),
4,039,636 8/1977 Claus et al. .......ccceneerverneenee. 260/963 (USSR 229,879).
S083060 4/1978 Ruf o T 6as  Gialkdi etal, Chem. Abstracts, 43, 6363a, (1949), (Farm.
4,094,970 6/1978 Behrenz et al. cooooooovereec....... 424/78  SCL e lec, 4, 166-175). |
4,107,292 8/1978 Nemeth ....ccccverrecnnrrsncsrrrsenssons 424/78 Tak Chemicals Ltd., 1580026, (Jun. 1977).
4,110,504 8/1978 Hllll <) A | DO 424/97 - MCCOY, Mfcrobfology of Cog[fng Water, 94._95’ (Cheml-
4,119,724 10/1978 Thizy et al. ....cuuereueeerrrenrnnnne 424/45 cal Pub. Co., N.Y., 1980)
4,139,616 2/1979 Ducretetal. .oooeveeevennenn.. 424/222 o '
4,152,421 5/1979 Tsutsumi et al. ..ooerrververennns 424/57  Yuan et al., Phosphorus and Sulphur, vol. 18, 323-326,
4,165,369 8/1979 Watanabe et al. .....u.ne......... 424770  (1983).
4,235,733 11/1980 Watanabe et al. .....ceeneeenen... 252/107 Nakamura, Journal ofRadannalyn'ca[ Chemfst’y’ 572 (2),
4,259,078 3/1981 Kleber et al. ...cceevvenneirirccnnnnn. 3/188 343-354, (1979).
4,272,395 6/1981 WTEIgHt orvreverervrererensreneserenn, 252/106 ’ _ _ _
4,276,418 6/1981 HOWAItH wovveereeerveerresresrnnes s44/243 ~ Nakamura, Journal of Radioanalytical Chemistry, 44,
4,289,634 9/1981 Lewis et al. .ooeerrerereennennsen. 252/32.5 3747, (1978).
4,343,853 8/1982 MOITISON ...cceevreerercreaeennnnnee. 428/233 Partridge et al., J. Tnorg. Nucl. Chem., 31, 2587-2589,
4,361,611 1171982 Schafer et al. ......oooovvveveve 428/96  (1969).
4,363,663 1271982 Hill ...ovveevrnirirrerersreececneenes 523/122 X . : . : .
4,401,712 8/1983 MOITISON oovvovoooooooosooeoeon 428/280  lachimon et al., Journal of Radioanalytical Chemistry,
4,432,833 2/1984 BIEESE wervveevvvrevssrrsereresseonn, 1627138 67 (2), 329-337, (1981).
4,442,095 4/1984 JORDSLON +oeeevevrereeenererrvsrrrenns 5447120  Honaker et al., J. Inorg. Nucl. Chem., 39, 1703-1704,
4,442,096 4/1984 JORDSEOM .eovcereeevereereerssnnernens 424/250 (1977).
:igggﬂggg 1% iggg g:fgn --------------------------------- ﬁi; 2? J. Perka et al., Tenside Detergents, 15, 295-298, (1973)6.
4,647,601 3/1987 MCINtOSh weomvoovveoeessrsroeen 5237122 Sorve et al., Quim. Apl. Jorn. Com. Esp. Deterg., 11th,
4,661,477 4/1987 Gorog nee Privitzer .......... s14/76 419430, (1980). |
4,770,694 9/1988 Iwasaki et al. cooovereoveervoennen.. 71,93  Yoshihira Koda et al., ““The Synthesis of Surfactant and

- FOREIGN PATENT DOCUMENTS

1228031 11/1966 Fed. Rep. of Germany .
2530584 1/1977 Fed. Rep. of Germany .

the Use Thereof”, pp. 96-99 and 436-447, (1977).
Takehiko Fujimoto, “Introduction in New Surfactant”,
pp. 295-297, (1974).

J. Inorg. Nucl. Chem., 38, 2127-2129, (1976).



4,935,232

1

2

- chain fatty acids. The term “disinfectant” includes any

MICROBIOCIDAL COMPOSITION AND
METHOD OF PREPARATION THEREOF

CROSS-REFERENCE TO RELATED CASES 5

This 1s a continuation-in-part of application Ser. No.
781,710 filed on Oct. 2, 1985, now abandoned; 635,728
filed on July 7, 1984, now abandoned:; application Ser.
No. 658,695 filed on Oct. 9, 1984, now abandoned; ap-
plication Ser. No. 713,445 filed on Mar. 18, 1985, now
abandoned; application Ser. No. 736,652 filed on May
21, 1985 U.S. Pat. No. 4,647,607; application Ser. No.
744,916 filed on June 13, 1985 now abandoned; and
application Ser. No. 744,730 filed on June 13, 1985, now
abandoned; all of which are continuations-in-part of 17
application Ser. No. 570,952 filed Mar. 8, 1984 Pat. No.
4,608,289, which in turn was a continuation of applica-
tion Ser. No. 523,734 filed Aug. 16, 1983, now aban-
doned, which was a continuation of application Ser. No.
226,006 filed Jan. 19, 1981, now abandoned, which was 20
a continuation of application Ser. No. 930,879 filed
Aug. 4, 1978, also now abandoned.

TECHNICAL FIELD

The present invention relates to microbiocidal com- 25
positions and methods for the preparation and use of
such compositions. Properly used in accordance with
the present invention, these microbiocidal compositions
are effective in killing or inhibiting a wide variety of
harmful, destructive, or offensive microorganisms in- 30
cluding viruses, bacteria, algae, yeasts, and molds.

BACKGROUND

Discussion of the present invention and its back-
ground will be facilitated by definition of several terms.

As used herein, the term “microorganism” means any
organism that cannot easily be seen with the naked eye
and includes organisms such as bacteria, molds, veasts,
fungi, algae and viruses. “Antimicrobial’’ and “micro-
biocidal” describe the killing of, as well as the inhibition
of the growth of, bacteria, yeasts, fungi, algae, and
molds. “Bactericidal” describes the killing or inhibition
of the growth of bacteria. “Fungicidal” describes the
killing of, as well as the inhibition of the growth of,
fungi, yeasts and molds. The term ““viricidal” is used to
describe the inactivation of virus particles so that they
are unable to infect host cells. The term “plastic,” as
used herein, includes both thermosetting and thermo-
plastic materials. Examples of “plastic” materials in-
clude, but are not limited to, polyolefins (such as poly-
ethylenes, polypropylenes, polybutylenes) polysty-
renes, vinyl phenolics, vinyl acetates, polymeric vinyl
chlorides, ureas, melamines, acrylics, polyesters, epox-
ies, and nylons. The term “molded” as used in this appli-
cation is used in its broad sense to include any technique
for forming plastic or other materials. Molding is gener-
ally, but not always, accomplished with elevated tem-
perature and includes, but is not limited to, forming
methods such as potting, extruding, sheeting, calender-
ing, pulltruding, casting, vacuum forming, blow mold-
ing, and the like.

The term “cleansing agent” includes any substance
capable of cleaning, emulsifying, or removing un-
wanted material from a surface. The term “detergent”
describes any substance or product which is capable of 65
dislodging, removing, or dispersing solid and liquid
soils from a surface being cleansed. The term ‘““deter-
gent” also includes soaps comprising metal salts of long
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liquid that is capable of killing or inhibiting microorgan-
1ISmS.

The term “free hydroxy’” as used herein means an
oxygen that is bonded to a phosphorus in a phosphate
group.

Bacteria, fungi, viruses, algae and other microorgan-
1Sms are always present in our environment. Such mi-
croorganisms are frequently an essential pat of ecologi-
cal systems, industrial processes, and healthy human
and animal bodily functions, such as digestion. In other
intances, however, the presence of microorganisms is
highly undesirable because they may cause illnesses or
death of humans and animals, create odors and damage
or destroy a wide variety of materials.

The species and numbers of microorganisms present
vary depending on the general environment, on the
nutrients and the moisture available for the growth of

the microorganisms, and on humidity and temperature
of the local environment. Nutrients for microorganisms

abound in the normal environment. Any protein matter
such as dried skin, discarded foods, plants, and animal
wastes all are excellent nutrient media for many types of
potentially harmful microorganisms.. Furthermore,
many organic synthetic and natural materials like plastic
coatings and objects, and wood, paper and natural fibers
can serve as nutrients for microorganisms which will
degrade those materials. In addition, certain bacteria are
capable of remaining viable in a dormant state on floors
or on objects for long periods of time until they are
deposited in the proper media for growth. Conse-
quently, potentially harmful microorganisms can be
transported merely by walking on floors, brushing
against walls or furniture or by handling objects.

It 1s well recognized that a major difficulty in health
care facilities, such as hospitals and nursing homes, is
the spread of dangerous infectious diseases caused by a
wide variety of microorganisms. The problem is exacer-
bated in these facilities because many of the patients are
in a weakened condition due to their primary health
care problem. A microorganism that would not be a
major threat to a healthy person could be fatal to a
patient with a diminished capacity to defend himself
from infection.

Potentially dangerous microorganisms are spread in
health care facilities and elsewhere by a variety of vec-
tors. One of the most common vectors is health care
personnel. For example, a nurse or doctor may adminis-
ter care to one patient and then be called upon to treat
a second patient. Even though he or she may carefully
wash his or her hands before treating the second patient,
potentially dangerous microorganisms may be trans-
ferred from the first patient to the second patient. The
microorganism can then cause a serious infection in the
second patient.

Furthermore, plastic products are often used in hospi-
tals and other health care facilities. These products are
particularly susceptible to contamination by bacteria
and other harmful organisms. Conventionally, the plas-
tic products in these facilities are periodically cleaned
with strong cleansers to remove or kill accumulated
microorganisms. Between these cleanings, however, it
is possible for the plastic products to accumulate a suffi-
cient quantity or quality of bacteria or other microor-
ganisms to constitute a major vector for cross-infection
or spread of infectious diseases.
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Pathogenic microorganisms can also be deposited on
fabrics such as towels, clothes, laboratory coats and
other fabrics. These microorganisms can remain viable
on these fabrics for long periods of time. If the fabrics
are used by several different people, the microorgan-
isms can be transferred by people walking from one part
of the facility to another.

As mentioned above, the plastics that are used to
make plastic objects and coatings can themselves be a
substrate for growth of various microorganisms, such as
bacteria, mold and mildew. The same is true for fibers
and fabrics, some of which are plastics and other or-
ganic materials such as wood and paper. When these
microorganisms grow on or in a plastic product, fiber,
or fabric, they form unsightly colonies. In addition,
such microorganisms can eventually break down a plas-
tic, fiber, fabric, or other material. Plastic, fiber and
fabric products often must therefore be frequently
cleaned with a strong cleanser to destroy, or at least
control, the growth of the microorganisms. A more
effective approach to the problem is clearly needed.

Potentially destructive microorganisms also tend to
collect and reside in clothing and in fabrics regardless of
whether they provide a nutrient substrate. Clothing that
is used when exercising is particularly susceptible to the
accumulation of destructive microorganisms. If these
microorganisms are not killed or inhibited, they may
cause extensive damage to the fabric, not to mention
causing offensive odors and infections. Washing with
conventional detergents does not always kill or remove
many of these microorganisms. Thus, a microbiocidal
additive is needed that will kill or inhibit the microor-
ganisms residing on the fabric and, at the same time, not
cause deterioration of the fabric and not cause adverse
physical reactions in the individual that is wearing the
fabric.

In short, the control of microbial contamination and
infection has been a major problem throughout history
in both industry and the home, and such infection and
contamination continues to cause disease, death, and
destruction of property. It has proved difficult, how-
ever, to develop a microbiocidal additive that is effec-
tive in controlling the growth of a wide variety of un-
wanted microorganisms and is, at the same time, safe for
use around human beings and animals. Accordingly,
there is an acute need, both in industry and in the home,
for a safe and effective microbiocidal additive that can
be used in or on a wide variety of substances to impart
microbiocidal activity to the product from which the
substance is made.

One of the sources of difficuity in the control of po-
tentially harmful microorganisms is the extreme vari-
ability of response of various microorganisms to con-
ventional microbiocidal agents. For example, bacteria,
which are classified as procaryotes, can be killed or
inhibited by many different type of antibiotics. How-
ever, these same antibiotics that are effective against
procaryotic organisms are usually ineffective against
eucaryotic microorganisms, such as fungi and yeasts.

Even within the family of Bacteriaceae, there are two
broad categories of bacteria known as Gram-positive
and Gram-negative bacteria. These classifications stem
from the ability or non-ability of bacteria to absorb
certain vital stains, and the two groups of bacteria gen-
erally respond differently to the same microbiocidal
agent. A particular agent that may be effective against
one group may not be effective against the other group.

10

4

One conventional method of inhibiting the growth of
both eucaryotes and procaryotes or both Gram-nega-
tive and Gram-positive bacteria is to combine two or
more microbiocidal inhibitors, each designed to inhibit
or kill a specific organism or class of organisms. How-
ever, various problems arise when introducing two or
more additives into a material such as a detergent. The
multiple additive system may alter the physical proper-
ties of the detergent into which it is mixed. In addition,
the multiple components must be tested to insure com-

- patibility and continued microbiocidal effectiveness
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when combined with the detergent. The relative micro-
biocidal or microbiostatic strength of each of the com-
ponents in the multiple system must be determined. It is
not uncommon for the combination of microbiocidal
additives to initially have effective inhibiting or killing
properties for both Gram-positive and Gram-negative
organisms whereupon, with the passage of time, one or
the other of the inhibiting additives will deteriorate and
lose its effectiveness while the other inhibiting additive
remains effective. In addition, one additive may have an
unexpected inhibitory effect on the other additive. In
addition, the requirement of adding two or more addi-
tives can become prohibitively expensive.

The ideal microbiocidal additive must be non-toxic to
humans and animals around which the additive is used.
Such an additive should not cause an allergic reaction
and must have no long term detrimental health effects
on humans or animals. Finally, such an microbiocidal
additive should be compatible with the material with
which is it being used and not cause the material to
deteriorate or lose its desired properties.

SUMMARY OF THE INVENTION

The present invention solves the problem described
above by providing a composition including a broad
spectrum, safe, microbiocidal additive that is effective
in killing or inhibiting a wide variety of microorganisms
including viruses, bacteria, yeasts, molds and fungi and
algae. The microbiocidal additive comprises a phos-
phate derivative having microbiocidal activity. The
microbiocidal phosphate derivative has at least one free
hydroxyl group thereon.

The microbiocidal additive of the present invention is
a phosphate derivative with at least one free hydroxyl
group. The phosphate derivative has the following
general formula:

I -
X+—-0=—P—OR

OH

wherein:

R may be alkyl, aryl, aralkyl and alkaryl groups in-
cluding, but not limited to, straight chain, branched
chain or cyclic alkyl groups having from 1 to 24
carbon atoms, polyoxyethylene or polyoxypropyl-
ene having from 2 to 32 ethylene oxide or propy-
lene oxide units respectively, alkyl phenoxy poly-
oxyethylene containing 2 to 32 ethylene oxide
units, alkyl phenoxy polyoxyethylene containing
ethylene oxide units and 1 to 24 carbon atoms in the
phenolic alkyl chain, and polyhydroxy com-
pounds, including but not limited to, ethylene gly-
col, glycerol, or sorbitol.
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X 1s selected from the group consiting of Group IA
metals, Group IIA metals, transition metals, hydro-
gen, and an organic ion. The positively charge ion
1s not necessary for microbiocidal activity.

The microbiocidal additive of the present invention
can be added to a wide variety of materials in accor-
dance with the present invention to impart microbio-

cidal activity to those materials.

- For example, the microbiocidal additive of the pres-
ent invention can be added to aqueous solutions of de-
tergents in accordance with the present invention to
provide microbiocidal cleansing agents. In addition, the
present invention can be added to water or other sol-
vents to provide an effective disinfectant. |

Additionally, the microbiocidal additive of the pres-
ent invention can be added to both permanent and non-
permanent coating materials in accordance with the
present invention. When the coating material is applied
to a surface, the microbiocidal additive that has been
added to the coating material will impart long lasting
microbiocidal activity to the surface.

Furthermore, the microbiocidal additive of the pres-
ent invention can also be incorporated into a wide vari-
ety of plastics in accordance with the present invention
to impart microbiocidal activity to the objects made
from the plastics. When incorporated into the plastic
material, the microbiocidal additive of the present in-
vention inhibits the growth of microorganisms over a
long period of time and protects the plastic from degra-
dation by harmful microorganisms. In addition, the
microbiocidal additive utilized in accordance with the
present invention does not change the desirable proper-
ties of the plastic material. -

The microbiocidal additive of the present invention
can be applied topically to both natural and synthetic
fibers in accordance with the present invention. The
present invention can also be incorporated directly into
synthetic fibers to impart microbiocidal activity to the
fibers or to fabrics made from the fibers. In addition, the
microbiocidal additive of the present invention can be
applied directly to a fabric.

The microbiocidal additive of the present invention
can also be added to coatings that are designed to coat
surfaces that remain for long periods of time in water
- such as boat bottoms. Alternatively, the microbiocidal
additive of the present invention can be incorporated
Int0 a material that is designed to remain in water for
long periods of time. A material that is treated with the
microbiocidal additive of the present invention -will

inhibit the growth of algae on the surface of the treated
material.

As a final illustration, the above described microbio-
cidal additive of the present invention can be applied to
materials as a preservative. For example, the additive
can be applied to wood and wood products to inhibit
the deterioration of the product due to microbiocidal
growth. It has been determined that the microbiocidal
additive of the present invention is effective in inhibit-
ing infestation of insects, such as termites, in wood and
is therefore a good preservative against insect infesta-
tion when applied to wood and wood products.

The microbiocidal additive utilized in practicing the
present invention can also be mixed with liquids such as
inks, fuels, and lubricating oils to inhibit the growth of
microorganisms., The microbiocidal additive of the
present invention is capable of killing the causitive or-
ganism of Legionaires’ disease, Legionella pneumophilia.
Thus, the present invention embraces addition of the
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6

identified compound to cooling tower water to control
the growth of this pathological organism.
Accordingly, it is an object of the present ivention to
provide for use of microbiocidally effective phosphate
derivatives in and on a variety of products.
Another object of the present invention is to provide
for the use of microbiocidally effective phosphate de-

rivattves which can be added to an aqueous detergent to
impart microbiocidal activity to the detergent.

Yet another object of the present invention is to pro-
vide for the addition of microbiocidally effective phos-
phate derivatives to water or other solvents to provide
effective disinfectants.

Another object of the present invention is to provide
for addition of microbiocidally effective phosphate
derivatives to permanent and non-permanent coatings.

Another object of the present invention is to provide
for incorporation of microbiocidally effective phos-
phate derivatives into plastics to provide a self-sanitiz-
ing plastic product with microbiocidal activity against a
wide variety of organisms including bacteria, fungi,
molds, algae and viruses.

Yet another object of the present invention is to pro-
vide for incorporation of microbiocidally effective
phosphate derivatives into synthetic fibers or fabrics to
provide a self-sanitizing fiber or fabric product with
microbiocidal activity against a wide variety of organ-
1SmSs.

Another object of the present invention is to provide
for incorporation of microbiocidally effective phos-
phate derivatives in objects and liquids to preserve the
objects or liquids against degradation by microorgan-
1SIns.

Another object of the present invention is to provide
for incorporation into products or application onto
products of microbiocidally effective phosphate deriva-
tives to preserve the products from degradation by
microorganisms.

Another object of the present invention is to provide
a product that is effective in retarding or killing insects.

Another object of the present invention is to provide
for the incorporation of microbiocidally effective phos-
phate derivatives into synthetic fibers or fabrics to pro-
vide a self-sanitizing fiber or fabric product with micro-
biocidal activity against a wide variety of organisms.

Another object of the present invention is to provide
for the application of microbiocidally effective phos-
phate derivatives to the surface of both synthetic and
natural fibers and fabrics to provide a self-sanitizing
fiber or fabric product with microbiocidal activity
against a wide variety of microorganisms.

Another object of the present invention is to provide
phosphate derivatives which can be incorporated into
conventional plastics which can then be molded or
otherwise constructed to provide a plastic product with
insecticidal activity. |

Another object of the present invention is to provide
an effective insecticidal phosphate derivatives which
can be mixed with an aqueous detergent solution and
used to wash an animal or object to kill or repel insects
or related organisms. |

Another object of the present invention is to provide
a microbiocidal phosphate derivative

These and other objects, features and advantages of
the present invention will become apparent after a re-
view of the following detailed description of the dis-
closed embodiment and the appended claims.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention relates to microbiocidal and
insecticidal compositions comprising certain derivatives
of phosphates. When used in accordance with the pres-
ent invention, the phosphate derivatives are capable of
killing or inhibiting the growth of a wide variety of
microorganisms including fungi, yeasts, viruses, algae
and bacteria.

The phosphate derivative utilized in accordance with
the present invention inhibits the growth of the follow-
Ing representative Gram-negative and Gram-positive
bacteria: Sarcina lutea, Staphylococcus species, Pseudo-
monas aeruginosa, Pseudomonas cepacia, Escherichia coli,
Escherichia communior, Bacillus subtilis, Klebsiella spe-
cies, Salmonella species, Legionella pneumophilia, En-
terobacter aerogenes and Streptococcus species. The
phosphate derivative also inhibits the growth of the
following representative fungi and yeasts: Candida albi-
cans, Trichophyton metagrophytes, Trichophyton rubrum,
Trichophyton interdigitale and Aspergillus niger. In addi-
tion, the phosphate derivative also inactivates Herpes
simplex virus. The foregoing microorganisms are repre-
sentative of those organisms that are responsible for
infections in hospitals and other health care facilities.

The microbiocidal additive of the present invention
can be added to water or other solvents to provide a

d
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disinfectant or can be added to a conventional detergent -

to provide a microbiocidal cleansing agent. The deter-
gents that can be used in the present invention include,
but are not limited to, linear alkyl sulfonates and alkyl
benzene sulfonates. These detergents also include, but
are not limited to, metal salts of long chain fatty acids.

Such a microbiocidal cleansing agent is effective in
killing or significantly inhibiting the growth of a wide
spectrum of both procaryotic and eucaryotic microor-
ganisms which may reside on surfaces to be cleaned or
treated with the microbiocidal detergent. Thus, in ac-
cordance with the present invention, it has been deter-
mined that certain phosphate derivatives impart fungi-
cidal, algaecidal, viricidal and bactericidal properties to
a conventional detergent.

The microbiocidal additives of the present invention
can be mixed in water at various concentrations and be
used as a disinfecting agent to kill or inhibit microorgan-
isms that may reside on that surface. For example, a
solution of the additive of the present invention contain-
ing from approximately 500 to 1000 parts per million
(PPM) of the phosphate derivative makes an excellent
disinfectant for light duty such as mopping and cleaning
of hard surfaces such as vinyl walls, floors, counters and
table tops.

For more demanding microbiocidal activity such as
that required for a surgical scrub, the phosphate deriva-
tive can be mixed in with a conventional detergent at a
concentration of between approximately 15% and 70%
by weight.

The microbiocidal cleansing agent prepared by the
addition of the microbiocidal additive of the present
invention to a conventional cleansing agent has the
capacity to kill or inhibit the growth of many types of
bacteria, fungi, viruses, yeasts and other destructive or
disease-producing microorganisms which might be on a
surface. Such a microbiocidal cleansing agent is particu-
larly effective against both Gram-positive bacteria, such

as Staphylococcus aureus, and Gram-negative bacteria,
such as Pseudomonas aeruginosa.
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The microbiocidal additive of the present invention
can also be added to a wide variety of permanent and
non-permanent coating materials. These coatings in-
clude paints of various kinds, waxes, and plastic coat-
ings. When the coating material is applied to a surface,
the microbiocidal additive in the coating material will
impart microbiocidal activity to the surface. The coat-
Ing materials that can be used with the microbiocidal
additive of the present invention include, but are not

limited to, coatings formed from materials including the
acrylate and methacrylate polymers and copolymers;

the vinyl polymers including polyvinyl chloride, poly-
vinyl acetate, polyvinyl butyral, polyvinyl chloride-
acetate, vinyl chloride-vinylidine chloride copolymers;
the polyethylene polymers including polyethylene,
polyhalogenated ethylenes, polystyrene and the styre-
nated alkyds. Further coating materials include thermo-
setting as well as other thermoplastic materials. IHustra-
tive of such materials are the alkyd resins including the
modified alkyds and the terpenic and maleic alkyds, the
amino resins including urea-formaldehyde and mela-
mine-formaldehyde; the protein plastics including ca-
sein, zein, keratin, peanut and soy bean plastics; the
cellulosics including cellulose acetate, cellulose nitrate,
cellulose acetate butyrate, regenerated cellulose, ligno-
cellulose, ethyl cellulose, hydroxyethyl cellulose and
carboxymethyl cellulose; the epoxy resins; the ethylene
and fluoroethylene polymers; the furan resins; the poly-
amides; the phenolics including phenol-formaidehyde
phenol-furfural and resorcinol-formaldehyde, the poly-
ester resins including the saturated polyesters, the unsat-
urated polyesters and the polyfunctional unsaturated
esters and the silicones.

The microbiocidal additive of the present invention
can be mixed in accordance with the present invention
with paint or other coatings and applied to underwater

surfaces to inhibit the growth of marine organisms, such

as algae, on such coated surfaces. For example, the
microbiocidal additive of the present invention can be
incorporated into paint and painted on a boat bottom.
The treated coating will inhibit the growth of algae and
other marine organisms on the bottom of the boat.

In addition, the microbiocidal additive can be incor-
porated into a material that is to be immersed in water
for long periods of time to inhibit the growth of algae
on the material. An example of such a use for the micro-
brocidal additive of the present invention is incorporat-
ing the microbiocidal additive of the present invention
into fiberglass that is to be used to mold a boat bottom.

The microbiocidal additive of the present invention
can be added to a coating material at a concentration of
between approximately 0.01 to 10% by weight. The
preferred concentration of phosphate derivative in the
coating material is between about 0.1% and 6% by
weight with an especially preferred concentration of
between approximately 0.5% and 4% by weight.

The microbiocidal additive of the present invention
can be incorporated into plastics to impart microbio-
cidal activity to the plastic products. Plastics treated
with the present invention can be used to make a wide
variety of products such as furniture, medical items,
eating utensils and the like. There are many advantages
to constructing products from plastic materials includ-
ing lower cost and the possibility of molding the items
in a variety of different shapes. Examples of the type of
products contemplated include, but are not limited to,
mattress covers, crib covers, bassinet covers, draw
sheets, cubicle curtains, male and female urinals, toilet
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seats, bed pans, bed pan liners, wash basins, laminated
sheets of melamine and phenolic plastics such as For-
mica TM, Micarta TM, and other similar decorative
surfacing materials, carafes, tooth brushes, hair brushes,
combs, soap holders, denture cups, rolls of utility sheet-
ing, catheters, drainage bags, colostomy pouches, ileos-
tomy pouches, intravenous solution bags, irrigation
solution bags, blood bags, tubing, administration sets,
donor sets, fountain syringes, enema bags, contact lens

holders, examination equipment covers for all classes of 10

trade including a medical doctor, veterinarian, dentists,
optometrist, ophthalmologist, and optician, moisture
barrier for the building trade to eliminate mold and
mildew, table tops, food handling trays, wall paneling,
hard floor covering, epoxy tiles, epoxy grout, ceramic

tile grout, carpet base, shower curtains, bath mats, and

telephone caps for mouth piece and reception unit. The
product in some instances may be molded using stan-
dard plastic molding techniques. In other instances the
product may be assembled from cut or molded parts
into a finished product.

The phosphate derivative is present in the plastic
material at a concentration of between approximately
0.1 and 10% by weight. A preferred range of phosphate
dertvative in the plastic material is between approxi-
mately 1% and 6% by weight.

The microbiocidal additive of the present invention
can be applied topically to both natural and synthetic
fibers or can be incorporated directly into synthetic
fibers during the manufacturing process. The fibers that
can be used with the microbiocidal additive of the pres-
ent invention include but are not limited to fibers made
of wool; cotton; polyolefin fiber including polypropyl-
ene, polybutenes, polyisoprene and their copolymers;
polyester fiber including polyethylene terephthalate;
polyaramid fiber; cellulose acetate fiber; rayon fiber:
nylon fiber; polystyrene fiber; vinyl phenolic fiber:
vinyl acetate fiber; vinyl chloride fiber; acrylic fiber:
~ acrylonitrile fiber; and polyurethane fiber.

Fabrics can also be treated with the microbiocidal
additive of the present invention. These fabrics include,
but are not limited to, woven fabrics made from all of
the aforementioned fibers or non-woven fabrics. The
non-woven fabrics can be made, for instance, by entan-
gling fibers in a needling process, by using a thermoplas-
tic or adhesive backing or binder, or by fusing fibers
together with heat.

‘The phosphate derivative can be applied to the fiber
or fabric by mixing the phosphate derivative with a
liquid such as water or other solvent or dispersant and
then dipping, spraying or washing the fiber or fabric in
the phosphate derivative mixture. The concentration of
phosphate derivative in the water or other solvent or
dispersant 1s between 0.019% and 30% by weight. The
preferred concentration of phosphate derivative in dis-
persant or solvent is between 0.1% and 10% by weight.
The most preferred concentration of phosphate deriva-

tive in dispersant or solvent is between 0.5% and 6% by
weight. Suitable solvents that can be used to apply the

phosphate derivative include, but are not limited to,
benzene, toluene, xylene, and hexane. After applying
the mixture, the fiber or fabric will be coated with the
phosphate derivative. Therefore, when microorganisms
comes Into contact with the fiber or fabric, the phos-
phate derivative will kill or inhibit the growth of the
microorganism.

The additive of the present invention can also be
homogeneously distributed in a solvated fiber dope or a
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fiber melt before the fiber is spun at a concentration of
between approximately 0.01% and 10% by weight. A
preferred concentration of the phosphate derivative in
fiber or fabric is between 0.1% and 6% by weight.

In accordance with the present invention, the phos-
phate derivative can be incorporated directly into natu-
ral or synthetic rubber, including latex rubber, polyvi-
nyl acetate or polyvinyl chloride backings or binders
that are applied to a fabric. It has been found that, when
properly incorporated in accordance with the present
Invention, a portion of the microbiocidal additive of the
present invention will slowly migrate from the fabric
backing or binder onto the fibers of the fabric thereby
imparting microbiocidal activity to the fabric.

Examples of the type of fiber or fabric products con-
templated include, but are not limited to, surgical gauze,
padding on wound dressings, mattress covers, crib cov-
ers, bassinet covers, sailboat sails, tents, draw sheets,
cubicle curtains, tooth brushes, hair brushes, fabric wall
covering, fabric base, fabric shower curtains, bath mats,
athletic clothing such as underclothes, shirts, socks,
shorts, pants, shoes and the like, and hospital clothing
such as examination robes, physicians coats and nurses
uniforms.

The microbiocidal additive of the present invention
can be used as a preservative to prevent degradation of
a product due to growth of microorganisms. For exam-
ple, the phosphate derivative can be mixed with water
or oil and sprayed on wood to preserve the wood
against breakdown due to microorganisms. Small
amounts of the derivative can be added to inks to pre-
vent the growth of microorganisms which will clog ink

jets. The derivative can be added to cutting oils to pro-

long the useful life of the oil. The additive is also useful
In inhibiting growth of microorganisms in fuel and
thereby decreasing the likelihood of clogged fuel jets.

In accordance with the present invention, the phos-
phate derivative can be added to the water in cooling
towers or can be included in a coating that is used to
coat the surfaces in cooling towers to kill or inhibit the
growth of the pathogen that causes Legionaire’s dis-
ease, Legionella pneumophilia.

The microbiocidal additive of the present invention
can be used to coat air and other filter material and
media thereby killing or reducing the growth of micro-
organisms in filters. The filter material can be particu-
late or can be fibrous in composition. When fluids pass
through the filter and microorganisms are deposited
upon the filter material or exposed to the filter material,
the microbiocidal additive of the present invention will
inhibit or kill the organism.

The phosphate additives can also be added in accor-
dance with the present invention to various grouts,
cements and concretes to impart microbiocidal activity
to the material. For example, between about 0.01 and
10% of the microbiocidal compound of the present
invention can be added to tile grout before application
to a surface. The preferred concentration of the micro-
biocidal additive in grout, cement or concrete is be-
tween 0.1% and 6%. The present invention will prevent
unsightly mold or mildew from growing in or on the
grout, concrete, or cement material.

The microbiocidal phosphate additive has also been
found to be an effective insecticidal agent and an insect
repelling agent. When insects such as flies or fleas come
into contact with a product treated with the microbio-
cidal additive of the present invention, the insects are
killed or repelled. The insecticidal alkyl phosphate de-
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rivative, when used in accordance with the present
Invention, can be utilized as an aqueous mixture or can
be incorporated into a number of materials such as plas-
tics and the like.

When the phosphate derivative is mixed with water,
it can be applied directly to a surface to impart insecti-
cidal and insect repellant qualities to the surface. In

addition, the insecticidal alkyl phosphate derivative of

the present invention can be mixed with an aqueous
detergent and used to wash objects or animals. For
example, an aqueous detergent with the alkyl phosphate
derivative makes an excellent soap for washing dogs
and cats. The treated detergent kills any fleas that may
be on the dog or cat and will repel any new fleas for a
long period of time. The phosphate derivative of the
present invention is not toxic to the dog or cat.

The phosphate derivative has also been found to be
an effective deodorant. | :

Although not wanting to be bound by the following
description of the mechanism of the microbiocidal addi-
tive of the present invention, it is believed that at least
one free hydroxyl group on the phosphate group is
necessary for Gram negative microbiocidal activity.
Thus, if all of the hydroxyl groups are replaced with
alkyl or other organic groups, the phosphate derivative
will no longer exhibit microbiocidal activity. It is be-
lieved that, in general, the more hydroxyl groups that
are free, the greater the microbiocidal activity that will
be exhibited by the phosphate derivative. |

Thus the microbiocidal additive of the present inven-
tion can be described as an alkyl phosphate ester having
at least one free hydroxyl group. A “free hydroxyl
group” 1s defined herein as “—QH”.

The microbiocidal additive of the present invention
can be more specifically defined as a phosphate ester

with at least one free hydroxyl group with the follow-
ing general formula:

0
I

X+ _O—Ii'“OR
OH

wherein:

R may be alkyl, aryl, aralkyl and alkaryl groups in-
cluding, but not limited to, straight chain, branched
chain or cyclic alkyl groups having from 1 to 24
carbon atoms, polyoxyethylene or polyoxypropyl-
ene having from 2 to 32 ethylene oxide or propy-
lene oxide units respectively, alkyl phenoxy poly-
oxyethylene containing 2 to 32 ethylene oxide
units, alkyl phenoxy polyoxyethylene containing
ethylene oxide units and 1 to 24 carbon atoms in the
phenolic alkyl chain, and polyhydroxy com-
pounds, including but not limited to, ethylene gly-
col, glycerol, or sorbitol

R may also be hydrogen, but only if X is a quaternary
amine.

X 1s selected from the group consisting of Group IA
metals, Group IIA metals, transition metals, hydro-
gen, and an organic ion. The positively charged ion
is not necessary for microbiocidal activity.

A preferred structure of the phosphate derivative

comprises the following formula:
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|
X+-0—P—OR

OH

wherein:

R=an alkyl group of from 6 to 18 carbon atoms.

X 1s selected from the group consisting of Group IA
metals, Group IIA metals, transition metals, hydro-
gen, and an organic ion. The microbiocidal addi-
tive defined by this formula is water insoluble or
only slightly soluble in water and is especially use-
ful for addition to non-aqueous products such as
plastics, fibers and non-aqueous coatings. An aque-
ous suspension of the phosphates with the alkyl
group of greater than 6 carbon atoms in the R
posttion can be prepared by adding a surfactant

~ such as Tween 80 (Sigma Chemical Company, St.
Louis, MO) or other suitable nonionic surfactant.

An especially preferred structure of the microbio-

cidal additive of the present invention comprises a phos-
phate with the following formula:

O

|
x+--0-1|>-0R
OH

wherein:

R=an alkyl group of from 1 to 5 carbon atoms.

X 1s selected from the group consisting of Groupd IA
metals, Group IIA metals, transition metals, hydro-
gen, and an organic ion.

‘The microbiocidal additive defined by this formula is
water soluble and is especially useful as an additive for
a disinfectant or for a detergent.

An additional preferred structure of the microbio-
cidal additive of the present invention has the following
formula:

0O
|

X+ "O—II’*"OCSHW
OH

wherein: )

X 1s selected from the group consisting of Group IA
metals, Groups IIA metals, transition metals, hy-
drogen, and an organic ion.

Another especially preferred embodiment of the

present invention has the following formula:

O

I
X+ “o-—II*-‘—ocsz
OH

wherein:

X 18 selected from the group consisting of Group IA
metals, Group IIA metals, transition metals, hydro-
gen, and an organic ion.

This embodiment of the microbiocidal additive of the

present invention is soluble in water.

When the additive utilized in accordance with the

present invention is incorporated into a non-aqueous
material such as a plastic or fiber, the microbiocidal
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activity of the product can be improved by substituting
for “X” a large organic ion such as a quaternary amine.
An example of such a compound is a tertiary amine with
the following general formula:

Rj
/
Rr—N
N\
Ri

-~ wherein:

Rj=an alkyl group of from 1 to 18 carbon atoms or
a hydroxy alkyl group of from 1 to 18 carbon
atoms. The R groups are not necessarily identical.
‘R2=an alkyl group of from 8 to 18 carbon atoms.
Another especially preferred embodiment of the
present invention is an alkyl phosphate derivative with
the following formula:

(l.'.:HZOH ﬁ)
CioHps—N+ ‘D—li"-OH
H OH
CH>OH

This especially preferred embodiment can be pre-
pared by neutralizing phosphoric acid with between 1
to 2 moles of the tertiary amine. If more tertiary amine
1s used to neutralize the phosphoric acid, the free hy-
droxyls on the phosphate group will be eliminated and
it is believed that the Gram negative microbiocidal
activity of the compound will be diminished.

The type of component to be used as the “X” substit-
uent will depend largely upon the compatibility of the
base material for the “X” substituent.

‘The microbiocidal additive of the present invention
may be prepared as follows: One mole of phosphorous
pentoxide is reacted with between approximately 1 to 3
moles of an alcohol. The alcohol can be an alkyl or an
aryl compound. The alkyl alcohol can be straight
chained, branched chain or cyclic. The alcohol should
be heated to a temperature of between approximately
- 60° and 120° C. depending upon the boiling point of the
alcohol used.

The phosphorous pentoxide is slowly added to the
alcohol while the mixture is vigorously agitated. The
reaction is complete two to four hours after the addition
of phosphorous pentoxide is completed.
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The product formed in this reaction is a mixture of sg

mono-ester phosphate and di-ester phosphate. The reac-
tion equation is as follows:

I i
P05 + 3ROH %Ho-—rl&m{ + Ho—f|’—0R
OH OR

where R is the alkyl or aryl group depending upon the
substituent used. It is to be understood that the mono-
ester reaction product is the most microbiocidally ac-
tive compound. It is believed that this is because the
mono-ester has a free hydroxyl group. The di-ester
reactton product is only slightly microbiocidally active.

The phosphate derivative is an effective microbio-
cidal compound and is capable of killing or inhibiting a
wide variety of microorganisms including bacteria,
yeasts, fungi, algae, molds and viruses.
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The microbiocidal additive of the present invention
can be modified to give the phosphate derivative physi-
cal properties which are particularly advantageous to
the medium in which the phosphate derivative is to be
used. For example, if it 1s desired to impart microbio-
cidal activity to a plastic material, it would be advanta-
geous to have the phosphate derivative diffuse from the
body of the plastic to the surface of the plastic where
most of the microorganisms reside. To obtain a phos-
phate derivative that is capable of diffusing through a
non-aqueous material, such as a fiber or plastic, to the
surface of the material, the phosphate can be partially
neutralized with a tertiary amine as shown in the fol-
lowing reaction equation:

Rt O O
/ | |
X | Ry~=~N + Ho--lr—-OR + Ho—r]'—-oa
Ry OH OR

The preferable range for X is between approximately
1 and 1.5 moles with the especially preferable range of
1.3 moles. ,

This reaction results in a mixture of the following
mono-alkyl phosphate amine product:

N
Ry=—N+ —O=—-P—0OR
N\ I

H OH
Ri

and the following di-alkyl phosphate amine product:

"
Ry=N+ —O=~-P—QR
N\ I

H OR
R

and the following monoalkyl phosphate:

O

|
Ho—}i’—OR
OH

wherein:

R =a straight chain or a branched chain alkyl group

of from 1 to 18 carbon atoms;

R1=an alkyl group of from 1 to 18 carbon atoms or

a hydroxy alkyl group of from 1 to 18 carbon
atoms.

R2=a straight chain or a branched chain alkyl group

of from 8 to 18 carbon atoms.

Consistent with the proposed theory that the micro-
biocidal phosphate derivative requires at least one free
hydroxyl, the di-alkyl phosphate amine has little micro-
biocidal activity. The mono-alkyl phosphate and the
mono-alkyl phosphate amine both have microbiocidal
activity. |

To obtain a diffusable microbiocidal additive, the
above reaction is carried out in the following manner:
Between approximately 0.5 and 1.5 moles of the tertiary
amine per mole each of the mixed phosphodiesters from
the first reaction is slowly added to the mixture. This
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reaction is carried out at a temperature of between
approximately 80° C. and 120° C. depending on the
phosphate used. The most preferred tertiary amine is
bis(hydroxyethyl) cocoamine. The preferred phosphate
derivative that is capable of diffusing in a plastic mate- 5
rial has the following formula:

CoH40H O

l 1
Ci2Hys—N+ —0O~=~P—0CzH
[2T125 \ ' 81117 10
H OH -
C,H4OH

Although a tertiary amine with a long chain alkyl
group is used in this embodiment to promote diffusion 5
of the phosphate derivative of the present invention, it is
to be understood that other tertiary amines could be
used to promote diffusion. In addition, it should be
noted that when 1 to 1.5 moles of tertiary amine are
used to partially neutralize the alkyl phosphates, some
alkyl phosphate monoester will be present in the solu-
tion. |

The microbiocidal activity of the phosphate deriva-
tive of the present invention is evaluated as follows.
Petr1 dishes are prepared using appropriate nutrient
agar as a food source for the microorganism to be
tested. The microorganism is seeded into the agar as is
well known to one of ordinary skill in the art. A hole 6
mm in diameter and 5 mm deep is cut into the agar. 0.05
ml. of each of the indicated test compounds is placed in.
the hole and the inoculated petri dish is incubated for 24 50
hours at 37° C. After the 24 hour incubation period, the
relative susceptibility of the test organisms to the phos-
phate derivative of the present invention is demon-
strated by a clear zone of growth inhibition around the
test solution. This zone of inhibition is the result of two 3>
processes: (1) the diffusion of the compound and (2)
growth of the bacteria. As the phosphate derivative
diffuses through the agar medium from the hole, its
concentration progressively diminishes to a point where
it is no longer inhibitory for the test organism. The area 40
of the suppressed microbial growth, the zone of inhibi-
tion, is determined by the concentration of the phos-
phate derivative present in the area. Therefore, within
the limitations of the test, the area of the inhibition zone
is proportional to the relative susceptibility of the mi- 45
croorganisms to the phosphate derivative of the present
invention. |

After the 24 hour incubation period, each plate is
examined and the diameters of the complete inhibition
zones are noted and measured using either reflected 50
light and a measuring device such as sliding calipers, a
ruler, or a template prepared for this purpose and held
on the bottom of the plate. The end point, measured to
the nearest millimeter, is the point at which no visible
growth that can be detected with the unaided eye minus 55
the diameter of the test drop or sample. The area of the
zone of inhibition is then calculated.

The following examples will serve to further illus-
trate the present invention without, at the same time,
however, constituting any limitation thereof. 60

EXAMPLE 1

The mono-ethyl alkyl phosphate derivative is pre-
pared as follows: One mole of phosphorous pentoxide is
reacted with three moles of ethanol at a temperature of 65
60° C. The phosphorous pentoxide is slowly added to
the ethanol while the mixture is vigorously agitated. At
the reaction temperature of 60° C. the reaction is com-
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plete 1n about two hours. The progress of the reaction is
determined by titrating the acid that is produced with a
solution of potassium hydroxide. The reaction products
include approximately equimolar quantities of the
mono-ethyl alkyl phosphate and the di-ethyl alkyl phos-
phate. The mono-ethyl alkyl phosphate is the more
microbiocidally active species.

EXAMPLE II

The mono-(2-ethylhexyl) phosphate derivative is
prepared as follows. One mole of phosphorous pentox-
ide is reacted with three moles of 2-ethylhexanol at a
temperature of 100° C. The phosphorous pentoxide is
slowly added to the alcohol while the mixture is vigor-
ously agitated. At the reaction temperature of 100° C.
the reaction is complete in about two hours. The
progress of the reaction is determined by titrating the
acid that is produced with a solution of potassium hy-
droxide. The reaction products include approximately
equimolar quantities of the mono-(2-ethylhexyl) alkyl
phosphate and the di(2-ethylhexyl) alkyl phosphate.
The mono-(2-ethylhexyl) alkyl phosphate is the more
microbiocidally active species.

EXAMPLE III

Since the preferred method of preparing the phos-
phate of Examples I and II results in two reaction prod-
ucts, the monoalkyl phosphate and the di-alkyl phos-
phate, the relative microbiocidal activity of each of the
products is evaluated.

Three samples are tested:

1. 91% mono-(2-ethylhexyl) phosphate, 9% di-(2-

ethylhexyl)phosphate

2. 55% mono-(2-ethylhexyl)phosphate and 45% di-

(2-ethylhexyl)phosphate

3. 95% di-(2-ethylhexyl) phosphate, 5% mono-(2-

ethylhexyl)phosphate.

Petri dishes are prepared using trypticase soy nutrient
agar (Baltimore Biological Laboratory, Cockeysville,

-MD). The microorganisms used in this test are the

Gram-positive Staphylococcus aureus and the Gram-neg-
ative Pseudomonas aeruginosa. Each microorganism is
seeded into the agar as is well known to one of ordinary
skill in the art. A hole 6 mm in diameter and 5 mm deep
i1s cut into the agar. 0.05 ml. of each of the indicated test
compounds is placed in the hole, and the inoculated
petr dish is incubated for 24 hours at 37° C. After the 24
hour incubation period, the relative susceptibility of the
test organisms to the phosphate derivative of the pres-
ent invention is demonstrated by a clear zone of growth
inhibition around the test solution. |

After the 24 hour incubation period, each plate is
examined and the diameters of the complete inhibition
zones are noted and measured as described above. Each
test 1s performed at least 6 times. The areas shown in
Table A are the average of the 6 separate tests.

TABLE A
- Zone of Inhibition in mm?
91% 95%
Mono-ester 559 Mono-ester Di-ester
9% 45% Di-ester 5%
Organism Di-ester Mixture Mono-ester

S. aureus 352 240 148
P. aeruginosa 319 148 28
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The results of Table A indicate that the mono-alkyl

phosphate is the compound which has the significant
amount of the microbiocidal activity.

EXAMPLE IV

To produce a microbiocidal alkyl phosphate amine
that can be used with a detergent to make a microbio-
cidal detergent approximately one mole each of the
reaction products of Example II are partially neutral-
1zed with 1.3 moles of bis(hydroxyethyl) cocoamine. 1.3
moles of bis(hydroxyethyl) cocoamine is slowly added
to the reaction products of Example II until the pH is
between approximately 3.2 and 3.8 in 75% ethanol. This
reaction is carried out at a temperature of 100° C. The

reaction mixture is vigorously agitated during the reac-

tion.

An aqueous mixture of the microbiocidal alkyl phos-
phate is prepared by mixing the alkyl phosphate deriva-
tive from Example II with an aqueous detergent solu-
tion. The concentration of alkyl phosphate derivative is
0.05%. The microbiocidal detergent is heated to 85° C.
Cotton fabric is then introduced and remains in the
heated solution for 15 minutes. The fabric is then rinsed
in water at 40° C., removed, and dried.

Square samples of the treated fabric of approximately
400 mm< are cut and placed on agar plates which have
previously been inoculated with Staphylococcus aureus
and Pseudomonas aeruginosa:; the plates are then incu-
bated at 35° C. for 24 hours.

After the 24 hour incubation, neither Staphylococcus
aureus nor Pseudomonas aeruginosa are found to be pres-
ent in or on the squares. Microscopic examination

shows a zone of inhibition around the individual
threads.

EXAMPLE V

To produce a microbiocidal alkyl phosphate deriva-
tive that can be used with a detergent to make a micro-
biocidal detergent, the reaction product of Example II
is neutralized with bis(hydroxyethyl) cocoamine. 1.3
moles of bis(hydroxyethyl) cocoamine per mole of the
reaction product from Example I is slowly added to the
reaction product from Example II until the pH is be-

tween approximately 3.2 and 3.8 in a 75% ethanol solu-
tion.

EXAMPLE V1

‘To produce a microbiocidal alkyl phosphate deriva-
tive that is capable of migrating from the interior of a
synthetic fiber, fabric or plastic to the surface, the reac-
tion product of Example II is partially neutralized with
bis(hydroxyethyl) cocoamine. 1.3 moles of bis(hydrox-
yethyl) cocoamine per mole of the reaction product
from Example II is slowly added to the reaction prod-
uct from Example II until the pH is between approxi-
mately 3.2 and 3.8 in a 75% ethanol solution. This reac-
tion 1s carried out at a temperature of 100° C. The reac-
tion mixture is vigorously agitated during the reaction.

The resulting product is only slightly soluble in water

and 1s suitable for incorporation into synthetic fibers

and plastics as they are being formed or for topical

application 1n an organic solvent such as ethyl alcohol,
benzene or xylene.

EXAMPLE VII

The microbiocidal capability of an alkyl phosphate
amine is demonstrated by the following example. Be-
tween 0.5 moles and 3.0 moles of bis(hydroxyethyl)
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cocoamine per mole of the reaction product from Ex-
ample II is slowly added to the reaction product from
Example II until the pH of the solution is between ap-
proximately 2.5 and 6 in a 75% ethanol solution. This
reaction is carried out at a temperature of 100° C. The
reaction mixture is vigorously agitated during the reac-
tion. The resulting compounds are tested for microbio-
cidal activity.

Petr1 dishes are prepared using trypticase soy nutrient
agar (Baltimore Biological Laboratory, Cockeysville,
MD). The microorganisms used in this test are the
Gram-positive Staphylococcus aureus and the Gram-neg-
ative Pseudomonas aeruginosa. The microorganisms are
seeded into nutrtent agar as is well known to one of
ordinary skill in the art. A hole 6 mm in diameter and 5
mm deep 1s cut into the agar. 0.05 ml. of each of the
indicated test compounds is placed in the hole and the
inoculated pertri dish is incubated for 24 hours at 37° C.
After the 24 hour incubation period, the relative suscep-
tibility of the test organisms to the phosphate derivative
of the present invention is demonstrated by a clear zone
of growth inhibition around the test solution.

After the 24 hour incubation period, each plate is
examined and the diameters of the complete inhibition
zones are examined and the diameters of the complete
inhibition zones are noted and measured.

The results are summarized in Table C.

TABLE C
S. aureus P._aeruginosa
Molar Ratio Area of Inhibition
of reactants measured in mm?
A, Product from Example II 3848 706
B. 0.5 moles cocoamine? 1520 614
C. 1.0 moles cocoamine? 007 706
D. 1.3 moles cocoamine? 452 1257
E. 1.5 moles cotoamine? 452 38
F. 2.0 moles cocoamine? 452 13
G. 2.5 moles cocoamine® 201 13
H. 3.0 moles cocoamme® 153 0
I. Cocoamine only 153 0

“Moles of cocoamine reacted with one mole of the product from Example IL

As can be seen in Table C, sample A, which is the
reaction product from Example 11, has excellent micro-
biocidal activity against both the Gram positive Staphy-
lococcus aureus and the Gram negative Pseudomonas
aeruginosa. The reaction product from Example II re-
tains its microbiocidal activity against both these organ-
isms even when reacted with up to 2 moles of the bishy-
droxyethyl cocoamine. When one mole each of the
reaction product from Example II is reacted with more
than 2 moles of the cocoamine, the microbiocidal activ-
ity i1s diminished. Although not wanting to be bound to
the following mechanism, it is thought that the reduc-
tion i1s microbiocidal activity above 2 moles of the
cocoamine i1s due to the neutralization of the free hy-
droxy group on the phosphate group. Three moles of
cocoamine would theoretically neutralize all of the
hydroxyl groups on the phosphate group and therefore
eliminate the microbiocidal activity. The cocoamine
itself has slight microbiocidal activity against the Gram
positive Staphylococcus aureus. Thus, by partially neu-
tralizing the 2-ethylhexyl phosphate with the bis-
hydroxyethyl cocoamine, the antimicrobial activity of
the phosphate 1s retained, and the compound now has
the capability of diffusing from the interior to the sur-
face of a synthetic fiber or a plastic material.
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EXAMPLE VI TABLE D-continued
The amine phosphate derivative from Table C, Line I;ﬂiﬁt;fn
D of ]_Ebv:‘ample V1l is added to a tumble-mixing machine Organism Type of Organism o2
containing polyethylene pelletg SO ‘that. the final concen- S G — v— Yoast 14
tration of alkyl p'hosphate derivative is 2% by weight. Saimonella choleraesuis Gram-neg. bacteria 153
The thermoplastic pellets are tumble mixed until the  Aspergillus niger Fungus 314
alkyl phosphate derivative of the present invention is Tricophyton mentagrophyte Fungus 707

thorougly distributed. After the sanitizing additive is
mixed with and coated on the pelletized plastic material,
the mixture is charged to a hopper of a conventional
melt extruder where the mixture is melted and the sani-
tizing additive is homogeneously distributed through-
out the melted mass by the action of the extruder. The
resuitant molten mass of plastic material is passed
through a conventional spinneret to generate thermo-
plastic fibers containing the alkyl phosphate derivative.

EXAMPLE IX

10

15

The phosphate derivative from Table C, Line D of 20

Example VII is added to a tumble-mixing machine con-
taining polyethylene terephthalate polyester pellets so
that the final concentration of phosphate derivative is
2% by weight. The thermoplastic pellets are tumble
mixed until the alkyl phosphate derivative of the pres-
ent invention is thorougly distributed. After sanitizing
additive is mixed with and coated the pelletized plastic
material, the mixture is charged to a hopper of a con-
ventional melt extruder where the mixture is melted and
the sanitizing additive is homogeneously distributed
throughout the melted mass by the action of the ex-
truder as 1s well known to one of ordinary skill of the
art. The resultant molten mass of plastic material is
passed through a conventional spinneret to generate

polyester fibers containing the alkyl phosphate deriva-
tive.

EXAMPLE X

The alkyl phosphate amine derivative from Table C,
Line D of Example VII is used to prepare a self-sanitiz-
ing plastic material in accordance with the present in-
vention. 1.0 part of the compound prepared in Example
VII is added to one hundred parts of polyethylene pel-
lets. The pellets are coated with the oily additive by
tumbling the mixture for twenty minutes. The pellets so
treated are then fused in a test tube by immersing the
test tube in an oil bath at 200° C. for twenty minutes.
The test tube is then removed from the oil bath and
allowed to cool to room temperature whereupon the
molten mass solidifies. The cooled mass in then re-
moved from the test tube and sawed into discs approxi-
mately 2 mm thick and 10 mm in diameter. No degrada-
tion or other unusual characteristics of the polyethylene
discs is noted. The discs are placed in appropriately
inoculated petri dishes containing nutrient agar. The
agar 1s 1noculated with various organisms and is al-
lowed to incubate for 24 hours at 37° C. After the incu-
bation period, the zone of inhibition around the discs is
measured as previously described. The results are pres-

ented in Table D.
TABLE D
Area of

Inhibition
Organism Type of Organism in mm?
Staphylococcus aureus Gram-pos. bacteria 314
Pseudomonas aeruginosa Gram-neg, bacteria 50
Escherichia coli Gram-neg. bacteria 113
Klebsiella species Gram-neg. bacteria 201
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As can be seen in Table D, the test demonstrates
significant bactericidal activity against both Gram nega-
tive and Gram positive organisms as well as against

representative yeasts and fungi.

EXAMPLE XI

An epoxy resin using the alkyl phosphate derivative
1s formulated as follows:

Epoxy resin
TIO2
Alkyl phosphate

88.2% by weight

9.8% by weight

2.0% by weight from Example VII
Table C, Line D

The epoxy resin used in this example is referred to as
DGEPPA or diglycidyl ether of bisphenol-A (Dow
Chemical Company, Midland, MI). Other epoxy resins
that can be used with the present invention are epi-
chlorohydrin/bisphenol-A, glycidated novolacs, epox-
ylated novolacs, and cycloaliphatic epoxy resins.

After thoroughly mixing the above ingredients, the
resin system is allowed to react with a stoichiometric
amount of hardener (cross linking reagent). Before the
cross-linking reaction is completed, samples of he self-
sanitizing epoxy are poured into 100X 15 mm test tubes.
Upon completion of the hardening reaction, the epoxy
sample 1s a hard cylinder measuring 60 mm long and 15
mm in diameter and weighing approximately 28.39
grams. Samples are cut in the form of discs with a sur-
face area of 176.63 mm?. The cut samples are placed in
petri dishes containing nutrient agar (Trypticase Soy
Nutrient Agar, Baltimore Biological Laboratory, Cock-
eysville, MD) inoculated with a lawn of the indicated
microorganisms. It is found, upon incubation of the
dishes that the epoxy disc inhibits the growth of bac-
teria and fungi around the specimen and creates a zone

of inhibition. The results of the test are summarized i
Table E. o

TABLE E
Area
of Inhibition

Organism Type of Organism in mm?
Staphylococcus aureus Gram-pos. bacteria 314
Pseudomonas aeruginosa Gram-neg. bacteria 28
Escherichia coli Gram-neg. bacteria 380
Klebsiella species Gram-neg. bacteria 380
Candida albicans Yeast 153
Salmonella choleraesuis Gram-neg. bacteria 452
Aspergillus niger Fungus 28
Tricophyton mentagrophyte Fungus 50

Bacillus megaterium

Gram-pos. bacteria 13

As shown in Table E, the alkyl phosphate derivative,
when added to epoxy resins, is effective in killing a wide
variety of species of microorganisms.

EXAMPLE XII

‘The insecticidal activity of the alkyl phosphate deriv-
ative 1s shown in this Example. The minimum dose to
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kill 100% of a population of crickets (dcheta domesticus)
is first determined. A test chamber is prepared for test-
ing each concentration of the alkyl phosphate amine
derivative from Table C, Line D of Example VII. The
test chambers are constructed as follows: Plastic petri 5
dish bottoms are secured to a piece of plywood. Five
crickets are placed in to each dish. A piece of wire
window screen is placed over each dish. Each dish was
sprayed with approximately 0.5 ml of a solution of the

alkyl phosphate derivative from Example II. The alkyl 10
phosphate amine was mixed with water. The concentra-
tions of the alkyl phosphate amine that are tested are as
follows: 0.08%, 0.12%, 0.16%, and 0.2%. The results of
the test are summarized in Table F.
15
TABLE F
Time of

Sample observation  Results
Control S min. all 5 insects alive

30 min all § insects alive 20

24 hours all 5 insects alive
0.08% Alkyl Phosphate 5 min - 2 alive, 3 dead

30 min 2 alive, 3 dead

24 hours 2 alive, 3 dead
0.12% Alkyl Phosphate 5 min 4 alive, 1 dead

30 min 4 alive, 1 dead 75

24 hours 2 alive, 3 dead
0.16% Alkyl Phosphate 5 min 2 alive, 3 dead

30 min 2 alive, 3 dead

24 hours 1 alive, 4 dead
0.2% Alkyl Phosphate 3 min { alive (weak), 4 dead

30 min | alive (weak), 4 dead

24 hours all five dead 30

The mechanism of insecticidal activity appears to be
different than that of the microbiocidal activity. The
phosphate derivative without the quaternary amine 15
group has no insecticidal activity and the quaternary
amine group by itself will not kill the insects tested.

EXAMPLE XIII

The insecticidal activity of the alkyl phosphate amine 4
derivative from Table C, Line D of Example VII that
was distributed in a polyethylene sheet is tested. A
polyethylene film is prepared by adding 90.72 grams of
the alkyl phosphate derivative prepared in Example II
to 52.5 pounds of polyethylene resin pellets and tum-
bling the mixture until the alkyl phosphate derivative is
homogeneously distributed in the pellet mixture. The
treated polyethylene pellets are then extruded in a com-
mercial extruder to form a polyethylene film that has a
thickness of approximately 4 mils. A control film is
extruded with polyethylene that does not contain any
-alkyl phosphate derivative.

Circular test samples of both the alkyl phosphate
dertvative treated polyethylene film and control poly-
ethylene film are cut to fit the bottom of a 15X 100 mm
petri dish. The circular test samples containing the alkyl
phosphate derivative are placed in the bottom of petri
dishes and the circular test samples that do not contain
alkyl phosphate derivative are placed in the bottom of
separate petri dishes. Four insects are used to test the 60
insecticidal activity of the alkyl phosphate derivative as
follows: cockroaches, ticks, houseflies, and fleas. The
insects are placed in individual petri dishes with either
the treated polyethylene film or the control polyethyl-
ene film and observed. The time that the insect dies is
noted for both alkyl phosphate treated polyethylene
film and untreated polyethylene film. The results of the
test are shown in Table G.
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TABLE G
Test Film Roach Tick Fly Flea
Phosphate J0min 8 hours 8 hours 30 min
Treated Film

Control Film Alive after 8 hours

There is no noticeable impairment of the insects that
were placed in the petri dishes with the untreated poly-
ethylene film after 8 hours.

EXAMPLE XIV

In this example, the alkyl phosphate derivative from
Table D, Line D of Example VI is used to prepare a
self-sanitizing vinyl product in accordance with the
present invention. A polyvinyl chloride (PVC) system
using the microbiocidal additive of the present inven-
tion is formulated as follows:

Test Sample
100 Grams of polyvinyl chloride
55 Grams of dioctylphthalate (plasticizer)
1.5 Grams Stabilizer
9.0 Grams TiO3
1.0 Grams Color concentrate
3.5 Grams alkyl phosphate from Table D,
- Line D of Example VIII
Control
100 Grams of polyvinyl chloride
55 Grams of dioctylphthalate (plasticizer)
1.5 Grams Stabilizer
9.0 Grams TiO»
1.0 Grams Color concentrate

The above samples are then poured on glass plates to
a thickness of approximately 0.25 ¢m and cured in an
oven at a temperature of approximately 325° F. After
the sample has polymerized, test specimens from each
formulation are cut into circles approximately 2 cm
across.

Two test organisms are seeded on two separate petri
dishes of agar. One dish is seeded with Staphylococcus
aureus at a concentration of greater than 103 organisms
per ml. The second dish is seeded with Pseudomonas
cepacia at a concentration of greater than 103 organisms
per mi.

One plug each of the test vinyl sample with the alkyl
phosphate amine derivative added and the control vinyl
sample with no alkyl phosphate are placed onto the
surface of the agar in each inoculated petri dish. The
dishes are incubated in 2 humidified incubation chamber
at a temperature of approximately 37° C. for 24 hours.
At the end of the 24 hour incubation period, the dishes
are removed from the incubator and the area of clear
zone of mhibition around the test samples is measured.
The clear zone of inhibition around the samples repre-
sents inhibition of growth of bacteria due to the diffu-
sion of antimicrobial alkyl phosphate from the vinyl
plug. The results of the test are shown in Table H.

TABLE H

Test Organism
Zone of inhibition in mm?2.

Sample Staphylococcus aureus Pseudomonas cepacia
Test vinyl 30 50
Control 0 0
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As can be seen in Table H, the test demonstrates

significant bactericidal activity against both Gram nega-
tive and Gram positive organisms.

EXAMPLE XV

~ In this example, the alkyl amine phosphate derivative
from Table C, Line D of Example VII is used to pro-
duce a microbiocidal fiber. The phosphate derivative
from Table C, Line D, of Example VII is melt spun
with four polymers at a concentration of 1-2% by
weight. The polymers that are used in this example are
polypropylene, polyethylene, nylon and polyester.
Polyethylene with and without the alkyl phosphate
amine and the polyester with the additive gave poor
spinning performance and did not produce a satisfac-
tory package of spun yarn. The other fibers produced
are drawn at about 3/1 draw ratio and tested for tensile
properties. The properties appear adequate for normal
- apparel type textile fibers being in the range of 3-4
grams force per denier and 20 to 40% elongation at the
brake point. The addition of the microbiocidal additive
or the present invention causes a small to moderate
decrease in both tenacity and breaking elongation, but
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- still produces fibers with adequate tensile properties for 55

textile applications.

Polypropylene is extruded with few if any problems.
The extrusion temperature is set at approximately 200°
C. for zone 1 and about 225° C. for the other three
zones. A small amount of Carbowax (1500) is diluted in
water to about 20% and is used as a spin finish. The spin
finish is selected because it is not likely to affect the
results of antibacterial testing and because the material
will wash off in water. Drawing of the polypropylene is
done cold at about 3/1 draw ratio on a four roll draw
winding stand designed by Bouligny. At least five ten-
sile tests are run on each sample. Denier is determined
from the weight of a 90 cm sample (weight measured to
the nearest 0.1 mg) on an analytical balance. The strain
rate 1s 100% per minute on a five inch sample.

Properties of Polyethylene Yarn

Polypropylene Polypropylene
Physical Properties Control with additive
denter(g/9000 M) 179 174
tenacity (g/denier) 4.15 3.95
breaking elongation (%) 304 23.3
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Nylon is successfully extruded at a temperature of 50

260° C. in zone 1 and 280° C. to 290° C. in the other
zones. The spin finish is Carbowax in water. Samples
-are drawn at slightly less than 3/1 draw ratio with a top
roll temperature of 50° C.

Polyester is spun under conditions similar to nylon.
When the microbiocidal alkyl phosphate amine is
added, the nylon became light brown and excessive
dripping at the spinnerette is noted. The problem can be
reduced by reducing the concentration of the microbio-
cidal alkyl phosphate amine in the feed chips and by
optimizing the extrusion temperature.

Properties of Nylon Yarn

Nylon Nylon
Physical Properties Control with additive
denier (g/%000 M) 280 251
tenacity {g/denier) 3.33 2.98
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-continued
Properties of Nylon Yarn
Nylon Nylon
Physical Properties Control with additive
breaking elongation (%) 42.4 27.3

A polyethylene sample is extruded under conditions
similar to those used with polypropylene. The polyeth-
ylene is a linear low density, fiber-grade polyethylene.
Polyethylene fibers are collected as both control (no
microbiocidal alkyl phosphate amine present) and fiber
with approximately 1.25% microbiocidal alkyl phos-
phate amine present.

EXAMPLE XVI

Each of the fibers that is prepared in Example XV are
evaluated for microbiocidal activity by the following
procedure:

Nutrient media is prepared and divided into three
portions. One portion is seeded from a twenty-four hour
culture of Staphylococcus aureus. This organism is repre-
sentative of Gram positive bacteria. The second portion
1s seeded from a twenty-four hour culture of Pseudomo-
nas aeruginosa. This bacteria is representative of the
Gram negative bacteria. The third portion of the nutri-
ent media 1s seeded from a twenty-four hour culture of
Corynebacterium diphtheriae.

The appropriate seed agar is poured into 150X 50 mm
sterile petri dishes (separate dishes for each bacteria).
The seeded agar is allowed to solidify. The test fibers,
along with the control fibers containing no alkyl phos-
phate amine, are placed on the agar and incubated for 24
hours at 37° C. After the twenty four hours incubation,
the fibers are examined using a 20 power stereomicro-
scope. Zones of inhibition are observed around each
fiber containing the alkyl phosphate amine indicating
that the fiber is microbiocidal. No inhibition of growth
1s noted on or around any of the control fibers.

EXAMPLE XVII

The algaecidal activity of the microbiocidal additive
of the present invention was evaluated as follows:

Three samples of different polymers are suspended in
a 20 gallon glass aquarium which is filled with pond
water and seeded with a variety of fresh water algae.
An air pump is attached to the glass tank to keep the
oxygen concentration in the water at a constant value.
No agitation of the water other than that caused by the
air bubbles occurs. The polymer samples remain in the
aquarium for 60 days. At the end of 60 days, the samples
are removed and evaluated. Following evaluation, all
samples are subjected to flowing water from a faucet at
full pressure of forty pounds about 6 inches from the
faucet opening for a period of 60 sixty seconds.

During the 60 day test period, observations are made
daily and during the first 14-20 days the polymers var-
les in resistance to algae accumulation when compared
to the controls. Controls begin accumulating algae
within 48 hours. When the treated polymers are dis-
turbed by the running water, the algae is easily washed
off of the sample. When the control samples are exposed
to the running water, the algae is not washed off the
sample. Although some algae does grow on the treated
polymers, it is found that the algae is not securely an-
chored to the treated polymer. The algae is very se-
curely anchored to the control, untreated polymers.
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While this invention has been described in detail with
particular reference to preferred embodiments thereof,
it will be understood that variations and modifications
- can be effected within the spirit and scope of the inven-
tion as described hereinbefore and as defined in the
appended claims.
I claim:
1. A biocidal polymeric composition comprising:
(a) a polymeric material selected from the group
consisting of synthetic polymers, natural polymers,
paints, waxes, and fibers, and
(b) a biocidally effective amount of a phosphate ester
having the general formula;

O
I

Xt _O—P""“‘OR
OH

wherein R is selected from the group consisting of al-
kyl, aryl, aralkyl, and alkaryl groups, and X is
N(R1)2R2, wherein R is a hydroxy alkyl group of from
1 to 18 carbon atoms, and R is an alkyl group of from
8 to 18 carbon atoms.

2. The biocidal composition of claim 1 wherein R is
an alkyl group of from 1 to 18 carbon atoms.

3. The biocidal polymeric composition of claim 1 or
2, wherein said polymeric material forms a coating.

4. The biocidal polymeric composition of claim 1 or
2, wherein said polymeric material forms a fiber.

5. The biocidal composition of claim 1 selected from
the group consisting of:

C>H4OH O
CIZHZS—I!TH“" _0—‘|f|’—‘OC3H17; and
(I.?2H40H (!)H
CH,>,OH O
C;zHgs*"l!JH'i' "O—g—OH.
<|:H20H  m
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6. The biocidal composition of claim 1, wherein the
phosphate ester is added in a range of 0.1 to 10% by
weight.

7. The biocidal composition of claim 1, wherein the
phosphate ester is applied topically to the polymer.

8. The biocidal composition of claim 1, wherein the
phosphate ester is incorporated in the polymer.

9. A method for inhibiting the growth of microorgan-
iIsms on or in a material selected from the group consist-
ing of synthetic polymers, natural polymers, waxes,
paints, and fibers, comprising adding a biocidally effec-
tive amount of a compound having the structure:

0
I

X+_O—II"'"OR
OH

wherein R is selected from the group consisting of al-
kyl, aryl, aralkyl, and alkaryl groups, and X is selected
from the group consisting of H, Group IA metals,
Group IIA metals, transition metals, and N(R)2R>,
wherein Ry is an alkyl group of from one to eighteen
carbon atoms or a hydroxy alkyl group of from 1 to 18
carbon atoms, and R is an alkyl group-of from 8 to 18
carbon atoms.

10. The method of claim 9, wherein X+ is N(R[)2R».

11. The method of claim 9, wherein the compound is

(I32H40H ﬁ
Clezs—IIIH'*‘ —O"'"EI’—OCBHw..
C;H40H OH

12. The method of claim 9, further comprising adding
between 0.1 and 10% of the compound to the material.

13. An article of furniture constructed from the plas-
tic material of claim 1.

14. An article of sports apparel constructed from the
fabric of claim 1.

15. A fabric constructed from the polymeric compo-

sition of claim 1.
X - x X X
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